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C R I T I C A L FOCUS
Brian J. Ford

Vaccines: Sickness or Salvation?
For generations, vaccination was part of childhood. Today, it has become controversial, and
doubting parents are foregoing inoculations at the risk of exposing their children to disease.
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Ancient Chinese healers knew
that inoculation could help protect
against smallpox, and they recorded
their techniques for posterity. This
drawing is from Joseph Needham’s
magnificent work Science and
Civilisation in China, which recorded
many ancient practices that now
reveal modern thinking. Needham,
whom I knew in his later years, was
originally a microscopist and became
the preeminent Western scholar of
ancient Chinese science.

of autism, which some people still believe is linked
to vaccination. The anti-vaccination campaigners insist that the virus diseases of childhood are too mild
to be worth bothering about and vaccines can leave
patients gravely ill; while those in favor produce posters that proclaim: “Vaccines are safe!” and “Vaccines
are effective!” And there we have it: two irreconcilable
forces, each pushing its own point of view and both
making statements that are sometimes correct and occasionally false. Meanwhile, it is the hapless parents
that have to make up their minds, wondering whether
their choice (whichever way they turn) is going to save
their child a lifetime of risk or expose them to an untimely fate. If educated campaigners cannot be open
and honest, what hope is there for the parent, trying
to control a household of unruly youngsters with their
future health at stake?
Vaccines are based on a simple finding from the
earliest days of microbiological investigation — when
the living body is exposed to a disease agent acting as
an antigen, the plasma cells of the immune system set
about producing antibodies, branched, Y-shaped proteins known as immunoglobulins. These neutralize
the antigen, thus protecting the body from the effects
of the disease. Immunoglobulins are the body’s main
line of defense against infection, and they are at work
every day in our system. They are not always effective, of course, which is why we sometimes fall victim
to an infection. But don’t let that fool you — as a rule,
every minute of the day, antibodies function as they
should. In the rare cases where the system fundamentally fails, the unfortunate patient has to a live life in
isolation, sealed inside a plastic bubble that keeps every antigen at bay. For countless centuries, people had
known that you could sometimes protect individuals
from future infections by exposure to someone suffer112

ing a mild form of the illness. Tales have long been
told across China, the Middle East, and Africa of the
methods used to try and protect people from the severest forms of smallpox. The earliest written records
are from 15th century China, describing how dried
and powdered matter from pustules in a mild case of
smallpox would be blown up the nostrils of a young
and unexposed child to protect them from the worst
form of the infection. This ritual treatment (using the
right nostril for boys and the left for girls) meant that
a major epidemic of smallpox could leave the treated
children unscathed.
SMALLPOX VARIOLATION
When the Scottish explorer James Bruce published his book Travels to Discover the Source of the Nile
in 1790, he described a system of protecting African
children from smallpox as being practiced “since time
immemorial.” It was known as Tishteree el Jidderi (literally, “buying the smallpox”) and was a practice he
observed in Sennar, a city on the Blue Nile in southeast Sudan. The mother of an unprotected toddler
would go to the home of a child suffering a mild form
of smallpox and would bargain with gifts for a cloth
that had been wrapped around one of the pustules
on the young patient’s arm. She would then wrap
the contaminated cloth around her own child, confident that it would also experience a mild form of the
dreaded disease. There was a variation of this method
called Dak el Jedri (“hitting the smallpox”) in the lands
around Turkey, involving the collection of fluid from
a blister of a mild case of smallpox, which was rubbed
into a scratch in the skin. Nobody knows how ancient
the practice was, but there is a lesson here that we need
to learn: for hundreds (and perhaps for thousands) of
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years, earlier societies had understood that they had
the power to control the spread of a highly contagious
epidemic. The answer was not entirely reliable, for
nobody could foresee how ill the inoculated patient
might become, but most mild cases did seem to produce a relatively innocuous form of smallpox, and one
thing was certain: if they survived the inoculation, the
person could probably remain unscathed in a future
outbreak. That was an astonishing achievement. Long
before we could do anything similar in the West, these
early civilizations already had a means of combating
the severity of smallpox.
The medical name for smallpox is variola, which
is why the practice of protecting a patient from future
outbreaks by inoculating them with the virus from
a mild case became known as variolation. European
merchants visiting China and the Middle East brought
back reports of the practice, and by 1701, a Venetian
physician, Giacomo Pylarini, was carrying out variolation in Constantinople (now Istanbul). The procedure
was first considered in the U.S. just five years later, and
the idea originated — not from Istanbul, as many believe — but straight from African folklore. The Puritan
minister most famous for his involvement in the Salem
witch trials, Cotton Mather, first heard about the African tradition of variolation from a slave named Onesimus, and several other slaves said that they too had
been inoculated as children. Mather was impressed.
He then read a report about the subject in the Royal Society’s journal Philosophical Transactions and, the next
time an epidemic of smallpox was looming, he instituted the routine variolation of people who were eager
to escape from the worst that smallpox could wreak.
Although he was not short of volunteers, the pervasive
religious belief of the time generated objections to the
idea. First, because inoculation was not referred to in
the Bible, it could not be sanctified by God; and secondly, if someone contracted smallpox it was the will
of God that they be punished for some undisclosed
sin previously committed. In either event, inoculation
would be a sin. But even so, around 1720, and with the
support of a Boston surgeon, Zabdiel Boylston, Mather
inoculated 300 patients with variola from mild cases.
Some became ill, and six of them died. But some 6,000
people eventually fell naturally victim to smallpox, of
whom over 1,000 died. When Boylston came to London
in 1724, he presented his work at the Royal Society and
was promptly elected to the fellowship. The procedure
became popular across the new American colonies. In
1736, Benjamin Franklin’s son died of smallpox; he
wrote: “I long regretted bitterly and still regret that I
had not given it to him by inoculation. This I mention

Lady Mary Montagu, wife of the British ambassador, freely indulged in
the homoerotic practices she discovered while living in Turkey. She also
experienced variolation, which she introduced to London in 1721. In the
U.S., the idea had already been promoted by Rev. Cotton Mather, so its
introduction is actually part of American history.

for the sake of the parents who omit that operation, on
the supposition that they should never forgive themselves if a child died under it.”
When a physician from South Carolina named
John Kirkpatrick visited London in 1743, he reported to the Royal Society about an epidemic in 1738 in
Charleston, where 800 people had been inoculated
with only eight deaths resulting. Franklin’s physician
friend William Heberden produced 2,000 pamphlets
in 1759, which Franklin had distributed to families
with young children, and within three years, variolation was being widely practiced in the American colonies. Although it was usually successful, sometimes it
spectacularly failed. The prominent Calvinist minister
Jonathan Edwards died from a smallpox inoculation in
1758, which caused a setback, but when George Washington ordered in 1775 that everyone in the Continental Army must be variolated, almost everybody in the
American colonies wanted to have it for themselves.
Among those who were inoculated in Constantinople by Pylarini were the children of the British
ambassador to Turkey, Edward Wortley Montagu. In
April 1717, Montagu’s wife, Lady Mary, wrote and
described the procedure in a letter to her friend Sarah
Chiswell. After her return to England in 1721, Lady
Mary’s physician friend Charles Maitland conducted
an experiment on condemned prisoners at Newgate
prison in London, who were offered their freedom if
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they survived. Each was deliberately infected with pus
from patients suffering from a mild form of smallpox,
and were later inoculated with pus from a case of severe infection to see if they still fell ill. As luck would
have it, they all survived and variolation started to become fashionable among the wealthy classes. Then, in
1783, King George III had two of his children, Sophia
and Octavius, taken to Kew palace to be inoculated,
and although Sophia experienced a slight illness and
quickly recovered, Octavius became ill and died. He
was just four years old, and the King was devastated.
In his later years, as the madness took hold (perhaps
porphyria, possibly bipolar disorder) the King would
experience terrifying delusions about the tragic death
of his young son. Undeterred by reports of fatalities,
the public continued to prefer variolation rather than
take their chance with smallpox. People accepted that
there were risks, but it was known that one or two
people in 100 would die from variolation, whereas a
smallpox epidemic would kill 30 times as many unvariolated individuals. One of the first centers set up
to inoculate people on a large scale in England was established by Bishop Isaac Maddox of Worcester, who
opened his clinic in 1746.
Physicians were quick to capitalize on the new
craze, and saw it as a moneymaker, so doctors spread
the word that variolation could save you from disfigurement or death, while emphasizing that they were
the only people who could be relied upon to do the
job properly. A new routine became established, starting with bloodletting (to “purify the body”) before
the doctor dramatically inoculated the patient with
a small speck of smallpox pustule through a deep
incision. This continued to be promoted as a procedure that only doctors could practice, and physicians
across Britain were soon setting up inoculation facilities of their own. Richard Mead followed Maddox in
1750, Robert and Daniel Sutton (1767), Thomas Dimsdale (1767), and Théodore Tronchin (1770). Then procedure was introduced into Austria in 1768 by the
famous naturalist Jan Ingenhousz — the man who
first recognized photosynthesis in plants — though he
did so at first in the face of fierce opposition. This new
initiative introduced a revolution in Western medicine: for the first time, European people could perhaps protect their children against one of the most
widely feared scourges. In exchange for a short illness, which was usually mild (even though occasionally it could kill), parents could be confident that,
when next there was a major epidemic that was killing people in their thousands, their children were
likely to be protected.
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IMMUNITY BY ASSOCIATION
This was a crucial step forward in medicine. It is
a subject I discussed in my book Genes, the Fight for
Life (1999) — though English folklore had long fostered similar stories about smallpox and how it might
be avoided. But these stories were different. It had
been said for centuries that milkmaids were uniquely
able to resist attacks of smallpox and had the fairest of
complexions; indeed, there is a nursery rhyme dating
from the late 1500s, which speaks of the fair-skinned
milkmaid:
Where are you going, my pretty maid?
I’m going a milking, sir, she said.
May I go with you, my pretty maid?
You’re kindly welcome, sir, she said.
What is your fortune, my pretty maid?
My face is my fortune, sir, she said…
The young milkmaid’s face was her fortune because it was so clear of blemishes; so many young
women bore the scars of smallpox throughout their
lives, but the milkmaids were spared. Why were they
blessed with such a pure complexion? Rumor had it
that they had all developed a mild infection contracted through contact with cattle, and it was this prior
exposure to cowpox that rendered them immune from
the ravages of smallpox in later life. The rumor was
right: the virus that causes the disease in cows, vaccinia, is related to variola. Its genetic nature is so close
to smallpox that the antibodies produced against vaccinia protect against variola. Once the milkmaid had
encountered cowpox, she was safe from smallpox infection. Most country folk knew of these beliefs, and it
was a Dorset farmer, Benjamin Jesty (1737–1816), who
first tried vaccination in practice. He inoculated his
two sons and his wife with cowpox as early as 1774,
and they remained free of smallpox from that date.
Note his name: Jesty, a farmer of whom you haven’t
heard, was the first person to introduce vaccination.
But it fell to Edward Jenner, an English country
doctor and naturalist, to demonstrate the connection
experimentally, and he became the first person to institute a clinically proven means of banishing an infectious disease. He gave us vaccination — though
through procedures we would regard as foolhardy today. Jenner was born in 1749 at Berkeley, in the English
county of Gloucestershire, as the eighth child of the
Reverend Stephen Jenner. He was orphaned as a child
and, at the age of 13, he was apprenticed to a surgeon,
Daniel Ludlow. (It is curious to reflect that surgeons
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were noted in Medieval Europe for their sharp implements, as much as their anatomical skill, and they
were therefore also barbers who could offer the perfect shave. The tradition of the barber-surgeon is with
us today: those red and white spiral bands down the
barber’s pole outside today’s hair salons represent the
surgical bandages — many of them bloodstained —
from the barber-surgeons of previous centuries). The
young Jenner’s parents espoused variolation, and he
was inoculated after several weeks of preparation by
severe dieting and being repeatedly bled. Afterwards
he was left in the “smallpox stables” to suffer his mild
infection in isolation. In 1768, there was an outbreak of
cowpox among the local milkmaids, and as the years
went by, Jenner noted that — just as rumor suggested
— it was the very people who contracted the disease
who later remained free of smallpox as successive outbreaks took place. The greatest single stimulus to Jenner’s scientific career came when Captain James Cook
returned from exploring the South Seas. Joseph Banks
had been the botanist on those voyages, and when
he returned to England from Cook’s expeditions in
1771, he approached John Hunter, the surgeon and
teacher, for advice on finding an assistant. Hunter was
then employing Jenner as an assistant, and he recommended him for the job of sorting out and classifying
Banks’ extensive collections of new Australian plants.
Jenner’s work was so diligent that he was offered the
post of botanist on a later expedition on board the
sloop Resolution, which was heading out to explore
the Pacific, but Jenner declined the offer. He loved the
life of an English country gentleman and had no wish
to travel round the world.
Jenner had always been interested in English natural history. As a child he spent much time collecting
fossils and also studied the nests of field mice. Even after Jenner left London and returned to rural England,
Hunter kept up an unceasing correspondence on matters of natural history. “Have you caves where Batts go
to at night?” he wrote to Jenner. “Are there no Batts in
the castle at Berkeley? If you have, I will put you upon
a set of experiments concerning the heat of them at difft seasons.” In another letter he asked: “Have you got
the bones yet of a large porpass? Is ever salmon spawn
seen, if it is, I wish you could get some.” It was also at
Hunter’s insistence that Jenner carried out experiments
on the hibernation of hedgehogs. When the Montgolfier brothers made their hot air balloon flight in Lyons
in 1782 — followed by an equally daring flight using a
hydrogen balloon by Jacques Alexandre César Charles
in Paris — Jenner made his own balloon of oiled silk,
filled it with hydrogen, and launched it on a success-

ful unmanned flight in the following year. Although
Jenner became a Fellow of the Royal Society, it was not
for his work on smallpox. He had observed that the
young cuckoo was a parasite, and on March 13, 1788,
he announced that he had observed a young cuckoo
ejecting the eggs of hatchlings from the nest of its host.
He went further, describing the hollow in the back of
the young bird, which enabled it to lift the eggs of its
foster mother out of the nest. Jenner went on to note
that the young cuckoo needed 15 weeks to achieve independence, while the adult cuckoos were resident in
Britain for only 11 weeks. Surely, he argued, this was
why the bird opted for a parasitic life — it was necessary for the survival of the young. The Royal Society
was impressed by his logic and his diligence, and he
was elected to Fellowship on Feb. 26, 1789. In the field
of pathology, Jenner wrote vivid accounts of his observations. He described calcification of the coronary
arteries in his bold and casual style: “When making a
section of the heart, the knife struck against something
so hard and gritty that I well remember looking up
at the ceiling conceiving that some plaster had fallen
down, but on further scrutiny the real cause appeared.
The coronary arteries had become bony canals.”
JENNER’S VACCINATION
Throughout these years, Jenner was aware of the
controversies over variolation as a means of warding off the worst excesses of smallpox. What began to
preoccupy him was the alternative approach: rather
than inoculation with mild smallpox virus, he knew
that victims of cowpox seemed to become immune to
smallpox encountered later in life and so, in 1790, he
first inoculated volunteer milkmaids with pus from
cases of smallpox, to see if they became ill. He began by using inoculations from mild cases and then
moved on to samples taken from patients who had
died of the most virulent form of the infection. In each
case, the result was unmistakable: the milkmaids were
completely unaffected by the terrible disease. They
had previously contracted cowpox and the protective
value of that disease was clear. Jenner soon formed the
idea of vaccination. If variolation was the inoculation
of pus from a victim of variola (smallpox), vaccination would be the administration of a dose from the
victim of vaccinia (cowpox). Jenner’s first experiment
took place on May 14, 1796, when he inoculated a boy
named James Phipps with pus from a cowpox sore
on the hand of a milkmaid named Sarah Nelmes. The
young Phipps became slightly feverish for a few days,
and then he quickly recovered. Jenner’s experiment
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This cartoon by James Gillray was published in London on June 12,
1802. It satirizes vaccination at the London Smallpox Hospital and
shows a small boy carrying a beer-mug bearing the label “VACCINE
POCK hot from ye COW,” while a leaflet in his pocket reads, “Benefits of
the Vaccine Process.”

The Calcutta Café in Cardiff, Wales gave refuge in 1961 to Shuka Mia a
visitor from Pakistan, where there had been a smallpox outbreak at the
time. Although he was vaccinated before entering the U.K., he developed the disease, triggering one of the last major epidemics in the West.

was no improvement on the pioneering vaccination by
Benjamin Jesty 22 years earlier, but two months later,
that changed. Jenner took some pus from a patient dying of smallpox and he scratched that into the arm of
James Phipps. The brave young volunteer remained
perfectly healthy. As Jenner wrote: “The boy has since
been inoculated for the smallpox which as I ventured
to predict produced no effect. I shall now pursue my
experiments with redoubled ardor.” He went on to
publish a paper in 1798, “The inquiry into the causes
and the effect of variolae vaccinae, known as small116

pox.” It became an instant best-seller, and a specially
bound copy in crimson velvet was presented to King
George III. Vaccination quickly replaced variolation
and soon became socially fashionable, though it attracted many detractors. Best known of these was the
cartoonist James Gillray, who drew deformed victims
of vaccination as half-human, half-cow. Clearly, there
is nothing new in objections to vaccination.
Jenner’s next publication was “The origin of the
Vaccine Inoculation” (1801). Here he predicted that
vaccination would bring an end to smallpox: “It now
becomes too manifest to admit of controversy that
the annihilation of the smallpox, the most dreadful
scourge of the human species, must be the final result
of this practice.” In the following year, the British Parliament responded by awarding him a personal grant
of £30,000 (today worth $1.8 million). Jenner’s was a
brave aim, for between 200,000 and 600,000 people
were dying of the disease across Europe every year
and a third of all deaths in childhood were from smallpox. It was smallpox that brought down the House of
Stuart and ended the civilization of the Aztecs and
the great culture of the Incas, when explorers introduced the disease to America. In 1779, it disrupted the
Franco-Spanish Armada, and in 1870, smallpox was to
decide the outcome of the Franco-Prussian War. Vaccination proved to be the answer. It was first used in the
North America in 1798 in Trinity, Newfoundland, by
John Clinch, a long-standing friend of Jenner’s. This
new procedure had proved to be so much safer than
variolation. Smallpox vaccination continued to be routine for schoolchildren throughout the Western world
until the 1970s indeed, I had a smallpox vaccination
certificate in my passport.
Epidemics in the West became rare until December 1961, when a young Pakistani named Shuka Mia
from Dacca decided to come to Britain. There was an
outbreak of smallpox in Pakistan at the time, so he
knew he would need to be re-vaccinated to pass immigration. By Jan. 13, 1962 he was in Cardiff, with a
fresh vaccination certificate in his passport, and he
found a bed in an apartment over the Calcutta Café,
the first curry house in Wales, which was popular with
students and the immigrant population, and he soon
mentioned that he had a headache. He had regular
visitors as he felt progressively worse until, on Jan.
15, he had a high a fever, and a local general practitioner doctor, John White, was called to see him. As
luck would have it, White had read a brief report of
the Pakistan epidemic and suddenly wondered if this
is what Mia might have contracted. They transferred
him to an isolation hospital high in the hills above the
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mining valleys, which had been set aside for epidemics like this and which had been closed for years. It
was clear that an epidemic was about to begin and,
the moment the news was out, thousands of people
lined up outside every clinic in South Wales. Smallpox
vaccination is often effective for less than a decade,
but after re-vaccination the effects last far longer, and
everyone was clamoring for a booster. Police had to
be brought in to control the crowds. The editor of the
South Wales Echo newspaper called and asked me to
write about the epidemic and, when I went to find out
more at the Medical Research Council (where I had
worked for a year) I was drafted in to help administer
injections. More than 900,000 people were given shots
of the vaccine in a matter of days, and it seemed that
the epidemic had been contained. The authorities were
jubilant — but not for long. A month later, there was a
further clutch of cases up in the valleys. Robert Hodkinson had been the only doctor who had declined
re-vaccination, and he died a dreadful death within
days. By the time the epidemic was finally over, some
20 people had died.
ERADICATED AND WEAPONIZED
But the 1960s was the decade when we sensed the
end might be in sight for smallpox. In 1967, the World
Health Organization launched its intensified smallpox eradication program, and the mass production
of freeze-dried vaccine meant that outbreaks became
rarer until, in 1971, the last naturally acquired case occurred in Africa. A health worker in Somalia named
Ali Maow Maalin contracted smallpox from two patients he was accompanying to the hospital on Oct. 12,
1977. Ten days later he developed a fever that was not
diagnosed as smallpox until Oct. 30. He made a full recovery but eventually succumbed to malaria in 2013.
Yet smallpox was not entirely beaten: there was a final
case at a laboratory in England in 1978. Janet Parker
was a medical photographer at the Birmingham University Medical School and, on the floor below her
office, virologists at the Medical Microbiology Department were researching the virus. It escaped. On
Aug. 11, Parker developed skin lesions and a high fever, but it was a full nine days before she was diagnosed with smallpox, and she died on Sept. 11, 1978,
her body and face being covered with confluent sores.
Her mother was vaccinated on Aug. 24, along with
about 500 other possible contacts, but even so she developed the disease on Sept. 7. Hers was a mild case,
and within two weeks she had recovered.
In the U.S., the last smallpox vaccinations had

been administered in 1972. They knew that era of
smallpox was ending. Meanwhile, that historic term
“vaccination” continued to be used to refer to an inoculation against any disease, and not just smallpox.
That term from the 1700s is with us today. It had long
been recognized that smallpox could be weaponized.
Research into the uses of the virus as an agent of warfare had been conducted by many nations in the 1960s,
but in 1972, this had been officially halted when the
Biological and Toxic Weapons Convention agreed to
outlaw all future research into germ warfare, apart
from defensive investigations. At an historic meeting on May 8, 1980, the 33rd World Health Assembly
agreed to a resolution declaring that smallpox had finally been eradicated. It is the first and only human infection ever to be eliminated. Where is smallpox virus
today? The official view is that there were four nations
that possessed cultures of the virus: Russia, England,
South Africa, and the U.S. South Africa and England
agreed to give up their stocks in 1983, leaving the two
superpowers as holders of the virus, which is stored in
high-security laboratories: the State Research Center
of Virology and Biotechnology (VECTOR Institute) in
Koltsovo, Russia, and the Centers for Disease Control
and Prevention (CDC) in Atlanta. June 30, 1999 was
once agreed as the final date on which Russia and
the U.S. would finally destroy their remaining stocks.
They didn’t. Smallpox virus may survive elsewhere.
There is an outside chance that the viable virus might
remain in some of the dead bodies of the last victims
to die. If so, they could be exhumed, and the virus
emerge afresh at some time in the future. It is even
possible that other countries have kept supplies for
military purposes.
During the years of the Cold War, there were rumors that many communist nations were given supplies of the virus by Russia, including North Korea
and China; other nations — including Israel and India
— were said to have produced supplies, along with
some the Middle Eastern states. Libya, Syria, Iraq,
and Iran have all been alleged to hold stocks of their
own. Evidence for these claims is slight, as you would
expect, and these are only rumors. Fear of biological
agents of war remain, and it takes more than a surprise visit to be absolutely certain that a nation with
hostile intent is not conducting smallpox research in
clandestine conditions. Once you had a culture, you
could raise smallpox virus in a garage, without sophisticated equipment. Even if you could not obtain
the virus, you could synthesize it. In 2017, David Evans of the University of Alberta in Edmonton, Canada, led a team that reconstituted the related horsepox
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In this photomicrograph I took during the 1962 smallpox outbreak in
Cardiff, Wales, the virus particles were Gram stained and can just be
resolved; the white circle highlights two examples. The virus is classified
in the family Poxviridae and subfamily Chordopoxvirinae. Each particle
measures 300 nm.

Prior to the polio vaccine, our main weapon for the worst cases was the
iron lung, a device providing external pressure that kept a patient breathing. Most people recovered after a few weeks, though there are one or
two surviving polio patients still living inside an iron lung today.

virus from genetic components obtained by ordering
the ingredients online. This was not the first time a
virus had been recreated in the laboratory. In 2002,
Jeronimo Cello, Aniko Paul, and Eckard Wimmer, virologists at the State University of New York in Stony
Brook, created poliomyelitis virus in the laboratory,
by purchasing selected DNA sequences from a biotechnology company and having them combined at
a commercial laboratory specializing in synthesizing
genes. To distinguish their synthetic virus from natural strains, they inserted 19 markers into the genetic
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sequence. When mice were experimentally inoculated
with the synthetic virus, within a week, they became
paralyzed, just like animals infected with wild-strain
poliovirus. The polio genome contains a mere 7,741
bases and is small, only 30 nm in diameter; whereas
each smallpox virion has 200,000 base pairs (200 kbp)
and measures 200s × 300 nm, making it one of the largest of all animal viruses. Indeed, surprising at it may
seem, it is big enough to observe with a light microscope. Based on their experience, the Canadian team
reckon that a group of biologists with little specialist knowledge could reconstitute the smallpox virus
within six months for about $100,000.
During the battle we waged against smallpox epidemics, we came to learn a great deal about the virus, yet mysteries remain. The fact that the genes of
the cowpox virus could confer immunity to smallpox
was a fortunate coincidence, and Jenner was meticulous enough to realize that there are several similar
diseases of cows, which he called “spurious cowpox.”
Some of these are caused by parapox viruses, while
the apparently similar bovine mammillitis is caused
by the herpes virus. Cowpox is now confined to cows,
but it can also infect humans, as well as cats and rodents. Here is another surprise: it has always been
taught that the strain of the virus used in vaccination
is a descendant of the original strain isolated from patients with cowpox, but in 1939, it was shown to be a
distinct virus, and nobody knows where it originated.
Genetically, it is a “hybrid” between vaccinia and variola, and it is a virus never found in nature. It occurs
only in laboratories. Even though variola is extinct in
the wild, the laboratory strain of vaccinia virus is still
widely used in medical research. A version of the virus
containing engineered genes has been used to protect
against some other infections — it showed promise as
a vaccine against rabies and was used to try to halt the
spread of this terrible disease in the European fox population. Many scientists prefer the idea of using bird
pox viruses (like canary pox, for example) for research.
These can also be engineered to produce vaccines but
— unlike vaccinia — they cannot replicate in humans.
Smallpox is not the only disease to have been eradicated by vaccination. Vesicular exanthema of swine
(VES) was first recorded in California in 1932. It was a
highly contagious infection of pigs, similar to foot-andmouth disease. Rigorous containment, slaughter of infected animals, and quarantine restrictions meant that
the outbreak was soon controlled. Even so, it broke out
again the following year, and there were spasmodic reappearances every few years until the 1940s, by which
time they had diminished. The law had imposed a ban
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on feeding uncooked scraps to pigs, but it proved impossible to enforce, and in 1951, a consignment of raw
scraps was delivered to a single pork farm in Wyoming. The result was an isolated outbreak of VES, and
the farmer, alerted by his pigs becoming unwell, quickly started selling them off to unsuspecting breeders all
over America, which caused outbreaks in 40 states until the final case in 1956 in New Jersey. Since then, there
have been no further reports. The disease never left the
U.S., and it has been entirely eliminated.
Cattle plague or rinderpest was to follow. This
contagious virus disease produced high fever, oral lesions and lymphoid necrosis, which usually proved
fatal. From the 1950s, an attenuated vaccine was used
to control cross-infection, though outbreaks in Africa
between 1982 and 1984 led to a loss of livestock totaling $2 billion in stock losses. In the 1990s the disease was brought under control, and in October 2010,
nine years after the last case, the Food and Agriculture
Organization (FAO) announced that rinderpest had
also been eradicated. Three serious diseases had been
ended through vaccination.
WAITING TO BE CONQUERED
Poliomyelitis will be next. A century ago, half a
million people died every year because of polio infection. It was a widespread disease infecting hundreds
of millions of people, and it was usually symptomfree. Most people never knew they were ill, though
about a quarter of patients had a slight fever and a
runny nose or a sore throat; and a couple of people out
of every hundred would develop limb rigidity, which
passed off after a week or two. But about one person in
every 200 became permanently disabled. Some spent
their remaining lives in “iron lung” ventilators. Mia
Farrow, Donald Sutherland, Francis Ford Coppola,
and Mel Ferrer were all disabled with polio for a time.
Most famous was President Franklin D. Roosevelt,
who was struck with paralysis from the waist down
at age 39. He established the National Foundation for
Infant Paralysis, which eventually led to the development of polio vaccination. Looking closer into his
medical history, it may be that this world’s most famous patient never had polio after all. His symptoms
better fit the auto-immune Guillain-Barré syndrome.
The first inactivated vaccine was developed by
Jonas Salk and was introduced in 1955, while the
oral polio vaccine was introduced by Salk’s great rival Albert Sabin in 1961. The effects were dramatic;
with a decade the number of cases had been slashed,
and in 1988, the World Health Organization (WHO)

Measles, one of the Paramyxoviridae viruses, produces syncytial giant
cells (center). The widespread ignorance about viruses is exemplified by
the caption for this image on the Mayo Clinic website: “Microscopic slide
of the measles virus (Courtesy CDC).” This shows a tissue section; no
viruses are visible.

launched an all-out eradication program. At that time,
the wild polio virus was still causing outbreaks in 125
countries, while today there are only two: Pakistan
and Afghanistan. In Congo, there is a different outbreak — these are cases of polio caused by mutations
from an old vaccine strain of the virus. In June 2018, in
Maniema province in the center of the Democratic Republic of Congo, this curious variant of the virus suddenly appeared. The mutation of a vaccine strain had
allowed it to regain some of its pathogenicity, though
fortunately the modern vaccines can prevent it from
spreading further. With a few years more diligence,
outbreaks of poliomyelitis could finally come to an
end. It would be (after smallpox) the second human
epidemic disease to be finally conquered.
Next we have to tackle the three childhood diseases of measles, mumps, and German measles (rubella).
Although these infections are popularly believed to be
relatively harmless childhood infections, and none of
them features the high pathogenicity of polio or the
death-rate of smallpox, they can still be serious. Every
one of them can kill. Measles (rubeola) is caused by a
paramyxovirus, and is a highly infectious disease. It
causes cough, pyrexia, and conjunctivitis, usually lasting for a week or two, with the skin being marked by a
maculopapular rash. Improvements in health care reduced the mortality from 14 deaths per 100,000 a century ago to one-twentieth that level after World War II.
Complications of measles are serious. Roughly one in
every 500 children with measles develop encephalitis;
a quarter of those would suffer long-term neurological
damage, and about 10% of those children die. About
one in every 10,000 children will suffer from subacute
sclerosing panencephalitis (SSPE), and recent research
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Posters and other propaganda keep insisting that the MMR vaccine is
safe and effective, though many people do not believe these claims.
What the public needs is a detailed explanation of vaccination facts and
figures, so that they can assess the risks for themselves.

suggests that the rate is as high as one in every 600 for
babies with measles. There is no cure for this progressive brain disease — it is almost always fatal. Claims
by anti-vaccine proponents that measles is just a mild
disease does not stand scrutiny.
Mumps, correctly (though rarely) called rubula, is
also caused by a paramyxovirus, and is usually experienced by children as a mild disease. One person out
of every 5,000 died of mumps 100 years ago; by the
1940s, the levels had been cut to one-tenth as many.
The disease presents as swollen salivary glands, with
aches and painful joints and fatigue that lasts for about
a week. In some patients, more serious symptoms appear, and up to 40% of adult males with mumps develop orchitis, a painful inflammation of the testicle
that can cause sterility, while in women the ovaries
become inflamed in about 5% of patients. Mumps can
cause pancreatic inflammation and sometimes results
in deafness. It can also cause meningitis, which was
seen about 10% of all mumps patients in the era before
vaccination, while about one patient out of every 5,000
cases developed encephalitis or encephalomyelitis.
The death rate in these rare cases is about 1%. Rubella
is popularly called German measles, because it was
German physicians who first identified it as a distinct
disease in 1814. It is caused by a single DNA-stranded
togavirus and lasts only a few days. The usual symptom is a characteristic maculopapular rash that looks
like little blueberries in a muffin.
Rubella virus can also cause swollen lymph
glands, and in young women especially it can result
in arthritis. Its greatest danger is not to the sufferer,
but to the next generation; a woman infected with
rubella within the first three months of pregnancy
stands a high risk of having a disabled baby. The child
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has an 80% chance of developing congenital rubella
syndrome (CRS); about half of the children will be
affected with one or more major problems. Just over
half will become deaf, due to damage to the inner ear,
while half will be born with congenital heart defects
that will require major heart surgery to stand a chance
of being corrected, and just less than half will have eye
problems, including cataracts, retinal damage, or glaucoma. These are serious conditions. Rubella caught by
a young child is usually a mild inconvenience (up to
half the suffers never show significant symptoms),
though a few develop encephalitis, which kills one in
6,000 infected children. Even rubella can kill.
There are two key factors that unite these three
different infections. One is that they have no alternative host and so, if we exterminated these infections
in the human population, nobody would catch them
naturally again. The other is that American microbiologists have created vaccines for all of them, so they
could be eliminated. Mumps vaccine was developed
by Maurice Hilleman in 1967 after his daughter Jeryl
Lynn had been ill with the disease. He cultured her
virus to make his pioneering vaccine, and if you look
up the virus from which today’s vaccine is made, it
is the Jeryl Lynn strain that is still used. There is another strain used to make cheaper vaccine, the Urabe
virus, though cases of aseptic meningitis were reported when it was used, and it has been discontinued
in most countries. Measles vaccine was developed in
1963 by John Enders, who had been one of a team that
first cultured polio vaccine in 1949, while rubella vaccine, first released in 1969, was another great discovery by Hilleman at Merck. In 1971, the combination
MMR (measles, mumps, rubella) vaccine was licensed
for use, and it has a remarkable track record. By the
turn of the present century, more than 500 million
shots had been given in over 100 countries. In the
1960s, measles alone used to kill over 2.5 million children each year. Since that time, the global death rate
has gone down by more than 80% and, in developed
countries, measles has become a rare disease because
the vaccine renders almost everyone who has received
a course of injections immune to the virus. Before vaccination there were more than 150,000 cases of mumps
in America every year, but mumps vaccine produces
immunity in about 90% of those treated, and by the
turn of the century the annual incidence was down to
250 cases. Rubella was officially declared eliminated
in the U.S. by 2004, though there are still up to five
new cases a year, brought in from other countries. The
latest development is the MMRV vaccine, which includes chickenpox (varicella) as its fourth component.
THE MICROSCOPE 67 (2019)

CRITICAL FOCUS | BRIAN J. FORD

DOUBTING SAFETY
Although the authorities keep repeating that the
MMR (and the newer MMRV) vaccine is safe and effective, they never explain what those terms mean
and, as a result, many people remain wary of it. People
have seen publicity campaigns saying that cigarettes
were safe and pure, that DDT was the best invention
since the wheel, that thalidomide was a pregnant
woman’s salvation. Thalidomide, used in the late
1950s and early 1960s to relieve morning sickness,
caused birth defects to at least 10,000 babies worldwide and eventually killed about half of them. It was
never licensed by the Food and Drug Administration
(FDA), so fewer than 40 handicapped babies were born
in America. People have become used to campaigns
insisting something is safe, when in fact it is the opposite. Part of this stems from our common sense that
tells us nothing in the world is guaranteed to be totally
safe in every case, and very few things are guaranteed to be completely effective. Further concern stems
from the publications of papers alleging that the rise
in rates of vaccination paralleled the rise in the incidence of autism, while citing only a few random cases
in support of a connection. That is a dangerous way
to think. The rise in MMR vaccination similarly parallels the rise in car ownership, the proportion of people
taking a cruise, and the incidence of office promiscuity, so drawing causal inferences is something to do
cautiously. Levels of autism were studied in 650,000
Danish children, where the incidence was found to be
1%. This level was exactly the same in children who
had been vaccinated with MMR compared to those
who had not. There are some countries (notably Japan) where MMR is not used, and the rise in autism
diagnosis is the same there as it is elsewhere. The supposed link has nothing to support it. And are the vaccines safe? The proponents say so, but what are the
facts? In about one-tenth of inoculated children, they
may suffer a sore arm, a mild rash and even a shortlived rise in temperature. Some people suffer stiff or
aching joints — this mostly happens in young women and is a mild version of what rubella can cause.
Roughly one person in 1,000 may suffer from febrile
convulsions, though these fits soon pass. Very rarely
(say one in 25,000) a vaccinated person may develop
blotchy skin due to idiopathic thrombocytopenic purpura (ITP). The lowered platelet count interferes with
hemostasis and abnormal bleeding can occur, and this
rare condition can be treated with corticosteroids, immunoglobulin, thrombopoetin, and sometimes with

immunosuppressants. The most serious reaction to
MMR is anaphylaxis, due to an allergy to components
in the vaccine. Worldwide, after millions of doses,
there have been rare reports of measles developing after vaccination, and a small number of children may
have died as a result; but there are too few cases to
calculate incidence because this is an extraordinarily
rare event. By any standards, the MMR vaccine is exceedingly unlikely to cause serious effects, and a vaccinated child is far less likely to suffer harm than one
who is unprotected. Furthermore, high levels of vaccination in a community protect others from catching
the disease. Some people with impaired immunity
cannot receive vaccines, and they rely on the diseases
being absent from their surroundings.
The reluctance of some parents to have their children given MMR is having serious consequences. Inoculation levels have gone down in recent years, and
in 2018 there were almost 83,000 cases of measles in
Europe, and 50 children died. That is a threefold increase on the levels seen in 2017, and 15 times as many
as in 2016. In the U.S., measles was optimistically declared to be “eliminated” back in 2000, and there were
only 86 cases of measles in the whole of 2016 — but the
total had topped 1,000 by July 2019. Similarly, there
were only 229 cases of mumps reported in 2012; by
2016 and again in 2017, the number topped 6,000. Children are being exposed to risk, yet we are surrounded
by hazards everyday, and we expose our children to
risks that are a million times more likely than anything from MMR. If you drive in a car, you have a one
in 100 chance that you’ll eventually die in a crash, and
you stand the same likelihood of dying from falling.
One in 1,000 people die from drowning in the U.S. every year, one in 2,500 die from choking on food; more
than one in 10,000 succumb to sunstroke; one in 30,000
Americans perish in storms.
How many have died from MMR? It is impossible
to know whether anyone does, because reports of possible cases are so rare. That must be one of the tiniest
risks imaginable. If we truly feared for our children’s
safety then vaccinating them must be a high priority.
If the notion of risk aversion deters you, then never let
your offspring walk, ride in a car, go near the water,
or eat. Compared to living a normal life, MMR vaccination is innocuous. Indeed, although most lists of
everyday hazards are too polite to admit the fact, it
has been calculated that dying through the pleasures
of sex will kill one person in every 200. If you follow
that logic through, then you’ll never have any children
to worry about in the first place.
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